I
n March, the mobile-game developer Supercell released a video thanking the 100 million people around the world who play its games daily 1 . According to estimates, by the age of 21 the average US citizen has spent more than 10,000 hours playing video games 2 -the equivalent of working in a full-time job of 40 hours per week for five years. So is it possible to channel the enormous amount of human brainpower used in this way by designing games that have a purpose? More specifically, can video games be developed in which people solve computationally intractable research problems as a side effect of playing? Writing on page 210 of this issue, Sørensen et al. 3 answer this question with a resounding 'yes' . They have developed video games that help to solve a problem relating to the realization of a new, efficient and scalable architecture for a quantum computer.
Despite their capacity to handle vast amounts of data, there are many problems in science that computers cannot yet solve. It is therefore highly desirable to harness innate human abilities to perform tasks that are beyond the grasp of current machines. The challenge is how to turn a research problem into a game, a process known as gamification.
Such a game should not only have a structure that embeds the specific research problem -with rules and winning conditions that encourage exploration of the 'landscape' of solutions -but also be fun to play. Successful examples include citizenscience games such as Foldit (ref. 4) , EteRNA (ref. 5) and EyeWire (ref. 6) , which are used to study protein folding, RNA folding and neuron mapping, respectively. Their success stems from humans' intuition and superior understanding of the 'real' world.
In this context, Sørensen and colleagues' work is an amazing feat, because quantum mechanics is the most counterintuitive and bizarre of all physical theories. Quantum particles behave in several unusual ways. They can be in several locations at the same time, can tunnel through potential-energy barriers, and can correlate with each other in such a way that their individual identity is lost. Niels Bohr's quote, "Anyone who is not shocked by quantum theory has not understood it", is as relevant now as it was when quantum physics was first developed some 100 years ago.
The authors developed a video game called Quantum Moves (ref. 7) in an effort to solve one of their own practical problems. They are working on a prototype of a quantum computer based on atoms trapped in an artificial crystal of light 8 -periodic potential-energy wells generated by lasers. Quantum logic-gate operations can be performed in this system by moving atoms using a highly focused laser beam (an optical tweezer)
. But quantum-computing operations must be executed fast -faster than the time taken for the quantum state of a system to lose its quantum properties 10 . This is where the real difficulty arises: how can the optimal quantum move be found in the shortest possible time? Moreover, for perfect fidelity of gate operations, there is a fundamental limit to the minimum duration of each operation, known as the quantum speed limit. Numerical approaches have failed to accurately predict the quantum speed limit for the class of time-dependent problems tackled by Quantum Moves.
One of the challenges of Quantum Moves is called BringHomeWater. In this challenge, players have to move an optical tweezer to a region where an atom is trapped in a simplified version of the artificial light crystal. They then have to collect the atom and move it to a target area as fast as they can -simulating one of the basic steps needed to operate a logic gate or perform a quantum simulation in the authors' prototype quantum computer. The atom is visualized as a quantum-mechanical wavefunction, which looks like water in a glass (Fig. 1) . The faster the atom is moved, the easier it is to 'spill' the water. The players thus have to find the fastest way to bring home the atom without losing it (spilling the water) along the way, providing information that helps the researchers to optimize atom movements in the quantum computer.
Sørensen et al. show that moveoptimization schemes that use the players' solutions outperform the best known strategies devised by computers, and provide new lower bounds to the quantum speed limit. The players have thus identified the 'settings' needed for the optimal implementation of simple quantum-logic operations. Not only that, their solutions also helped the researchers to understand the physical mechanisms by which such strategies work in the weird quantum world. Engineers get the rough end of the stick even in countries where they are more esteemed than in ours … You fire off a rocket and a satellite moves successfully around the world. That is a scientific triumph. On the other hand, if it flops on the launching pad, that is an engineering failure … It is no accident that among our scientists there is still a cheerful and relaxed attitude to qualifications. Cockcroft is a great physicist, but he has never taken a physics course in his life … Crick has revolutionized modern biology; but he has had as much formal instruction in biology as he has in Hebrew … Engineering has … suffered through the rigidity of its training … Where the esteem and the rewards appear to be, there able people will go … Contemporary engineering education does not encourage enough the speculative and rebellious intelligence … It is rare for engineering students to question everything under heaven or earth in the way that good scientific students will … If we get our education right … the place of the engineer in society will become right … To most sane persons, esteem is more important than pay. If we had a choice most of us, I hope, would prefer to be President of the Royal Society than the most successful pop singer in the world. 
Years Ago
The old Romans and Greeks, as evidenced by the statues, were evidently gentlemen addicted to shaving, but … the means of producing soap in those days must have been limited. The only conclusion that one can arrive at is that they must have shaved without soap. 1 describe how they manipulated the mouse genome to delete receptor proteins of the TAM family from microglia -a type of brain cell distantly related to the resident inflammatory cells found in tissues such as the skin, spleen and liver. The results provide startling insight into the process by which the adult brain generates new neurons, and open up avenues for studying microglia.
TAM receptors (named from the first letters of the member proteins Tyro3, Axl and Mer) are evolutionarily recent, appearing first in the invertebrate sea squirts. Newly emerged gene families often have highly refined roles, and their function is commonly dispensable for embryonic development. People (or genetically engineered mice) with defective TAM genes develop normally but show varied effects later in life 2 . For example, humans or rodents deficient in the Mer gene develop a form of retinitis pigmentosa. This degenerative eye disease occurs because rod photoreceptor cells (RPCs) accumulate toxic by-products of chemical reactions through which light is converted to nerve impulses. This waste material is removed through engulfment of the RPCs' outer segment by retinal pigment epithelial cells; without Mer, this process fails and RPCs die.
Another example is that mice lacking all three TAM receptors show male infertility, because vast numbers of superfluous germ cells die and accumulate in the testes, leading to degeneration of the remaining, otherwiseviable germ cells. Mice that lack individual receptors or ligands of the TAM system also show blood-clotting defects, and those deficient in all three receptors develop widespread autoimmune responses that are reminiscent of the human disease systemic lupus erythematosus 3 . Thus, TAM-receptor signalling is used in a wide variety of disparate functions primarily associated with the removal of dying cells and waste material.
Mice that lack all three TAM receptors are normal at birth, indicating that these proteins are not required to eliminate dead cells during embryonic development 2 . But the TAM receptors are involved in a variant form of this elimination mechanism to achieve dynamic tissue remodelling throughout life 2 . This cell-corpse So how can game players solve difficult research problems in quantum theory when they have no knowledge of either the puzzling phenomena of quantum physics or the sophisticated mathematical formalism used to describe it? One can do things in games that cannot be done in reality, so gamers are used to experimenting with possibilities that go beyond the classical laws of physics. Perhaps this ability to think outside the box allows them to make the creative leap necessary to tackle quantum problems.
Understanding the principles and key conditions for the successful gamification of quantum problems is an interdisciplinary endeavour requiring the interaction and collaboration of quantum physicists, game researchers, neuroscientists and many others. Whether Sørensen and colleagues' method will be applicable to a wide range of problems in quantum physics is currently an open question. But because we are on the verge of a new era of quantum technologies, this approach is definitely worth pursuing, and is a theme of initiatives such as Quantum Game Jam 
